Meson-baryon interaction in the quark-gluon exchange framework 
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We extend the Fock-Tani formalism to include the meson-baryon inter- 
action. The Fock-Tani formalism is a first principle method which allows the 
use of field theoretic methods for treating systems of composite particles. An 
application of this general result can be the K + N system which is now re- 
' conized as much more suitable system for the investigation of the short range 
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nature of the hadronic repulsion. 

In the present mesons and baryons are considered to be the effective degrees of freedom of 
QCD at hadronic scales. The interaction is of finite range, attractive at long and intermediate 
ranges and repulsive at short distances. Although meson exchange models describing the 
NN interaction fit remarkably well the known data, the question regarding the physical 
O ■ origin of the large short range repulsion between the nucleon still remains. Many meson- 
exchange models (Paris 0], Nijmegen || and Bonn ||) present a good description of the 
low energy data. In the Bonn potential this repulsion is described in terms of an u exchange 
with a coupling constant g% Nw much larger than obtained from SU(3) estimates. This 
high value can indicate the presence of "exotic" contributions such as: (a) in the Nijmegen 
meson exchange model repulsion arises partly from a pomeron exchange ; (b) calculations 
involving the relativistic Gross equation, some repulsion is generated by pairs of nucleon- 
antinucleon terms ||, (c) quark exchange mechanisms In the quark exchange framework 
the repulsion has two origins: (1) the antisymmetry of the 6-quark wavefunction, (2) the 
spin-spin interaction between quarks. Although the AW data is very precise one cannot 
discriminate between many short range scenarios. 

It has been argued that a more suitable investigation of the short range part of the 
hadronic repulsion could be made in the KN system. This system has baryon number 
equal to 1 so for low energies K~N is limited to two channels (irA and 7rE). The K + N 
interaction is short ranged and relatively weak. The one pion exchange vertex is zero so 
there is no tiKK vertex and 2ti exchanges are weak. In the constituent quark model the 
K + = us and K~ = s u so the simple quark exchange mechanism can be applied to the 
K + N system. Many groups have studied this system in the S-wave it is necessary to 
extend this investigation in order to include higher partial waves, such as the P-waves. 

The method we employ in order to introduce the quark-gluon degrees of freedom is known 
as the Fock-Tani formalism ||. The composite meson and baryon possess creation operators 
which include the internal structure explicitly 
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where quarks and antiquarks obey the following anticommutation relations 

{Qii,Qu} = {q^Qv} = {%,q v } = o ; {q^ql} = ; {q^qt} = 5^. 

The composite meson and baryon operators satisfy non-canonical (anti) commutation rela- 
tions 

[M a , Mp] = ; [M Q , M+] = 5 a/3 - D a/3 ; {B a , Bp} — ; {s,, Sj} = 5 Q/3 - A a/3 
with 

£±ap — q U3 q^ 2 a p qu a qu 2 q^q^3 

The Fock-Tani formalism introduces "ideal particles" which obey canonical 
(anti) commutation relations 



[m a ,mp] = ; 



m a ,m'p 



{b a ,bp} = ; {b a ,bl} = 5 a/1 



This way one can transform the composite state into a ideal state by 
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where 



U M (t) = exp [tF M ] ; U B (t) = exp [tF B ] 
Fm and F B are the generators of the transformation 

Fm = ml Of - 0^m a ; F B = bl.O B - 0?b n 

with 
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0^ = M a + l -D ar M T ~ \Ml [Dut, M a ] M T 
0* = B a + l -KrB T - l -Bl [A WT , B a ] B T . 



The generator of the meson-baryon transformation is given by 

F = F m + Fb = miO™ - 6^m a + blO B - B Jb a 
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where 



U a — U a + U a 



6 B = o B + G- 
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M a , B\\ B T - -Bl [M a , A WT ] B T +- [M a , 
l -Bl[B^D ar ]M T 

Ml B a ] M T - ^Ml [B a , D„ T ] M T — i.u;. [M u , A ra ] B T 
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In order to obtain the effective meson-baryon potential one has to use (HD in a set of 
Heisenberg-like equations for the basic operators m, b, M , B , q,q~: 



dm a (t) 
dt 



[m a ,F] = A a 
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The equations of motion for M and O are 
dO? (t) 



dt 
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db a (t) 
dt 



dO B a (t) 
dt 



o b f 



-b n 



The simplicity of these equations are not present in the equations for q and q: 



dq^ (t) 
dt 



[q„ F] = ft (t) + q B (t) + k, m\Gf - Gj%,] + L, b\G» - G B \ 



and 



dq^ (t) 
dt 



%, F\ = 1% (t) + %l (t) + mlGf - Gf^mp] + b\G B - G B % 



The solutions for these equations can be found order by order in the wavefunctions. So for 
zero order one has qj® = g M , q^ =q v 



^ (t) = M a sen t + m Q cos t ; b^ (t) = B a sen t + b a cos t . 



in 



In first order m$= 0, b^ = and 



l^T^qUqU [ b a sent + B a (1 - cost)] -Ogql [ m a sent + M a (1 - cost)] 
gW(t) = ^ iv ql [ m a sent + M a (1 - cost)] . 

In second order we find 
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qf\t) = V6*«*"»$jr [jwj gj,^ (i cos 2 £ - cost + i) 

1 1 

+Mlq] lz q v b a (--sent cost + sen£) + -m£ ql 3 q v b a sen 2 £ 



+ 2 m /3 ^ sen £ cos £ 



+ + $*$) 



2 a /3 
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5 J % s %2 M a (-g cos2 ^ + cos£ - ^) 
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+ #J Q^Qn2 m a (^sen £ cos £ - sen £) - - 6^ q ps q P2 m a seia 2 £ 



+ 2~ b\q p3 q P2 M a sentcost 



We shall omit the third order operators, but they can be calculated in the same way. The 
meson-baryon potential can be obtained applying in a standard way the Fock-Tani trans- 
formed operators to the microscopic Hamiltonian H] 

H = T(fi) ql q p + T(y) q\ q u +-V qq (p,u; ap) q\ q} v q p q a 



+ 2 V m^ v \ °P) ?). lUpQ*+ Vabiu; crp)ql q\q p q a 



where one finds 
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meson— baryon 



Vi(a(3; <5 7 ) m ] a b\ m 7 b 5 



i=l 



and 



Vi(aft S-y) = -3V w (jmu- ap) {^^T^ 

F 2 (a/3; <y 7 ) = 
F 3 (a/?;5 7 ) = 
y 4 (a/5;5 7 ) = 



SV q g(pu; ap) ^^J^§°P^f^ 



CPUS 



-W m {pv- ap) 

-GV qq {pis; ap) $^"$Jiw$wf^M3 



Future perspectives 

Using the Fock-Tani formalism we have derived an effective meson-baryon potential. 
This potential can now be used to calculate the interesting K + N system, which is more 
suitable for the investigation of the short range part of the hadronic repulsion. 
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